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(54) ULTRASONIC FLOW VELOCITY MEASURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To surely determine the received wave 
arrival timing and measure the flow velocity with high accuracy by 
integrating the waves of one or both polarities of the received waves, and 
setting the time when the integrated output reaches the reference value to 
the received wave arrival timing for measuring the propagation time 
difference. 

SOLUTION: Received waves from transceivers 2, 3 are half-wave shaped 
by a half-wave shaping circuit 7 through an amplifying circuit 5, and the 
integrated output from an integrating circuit 8 is compared with the 
reference voltage from a reference voltage generating circuit 1 0 by a 
comparing circuit 9. The reference voltage is set to the middle value where 
the integrated output rises synchronously with the rise of the half wave of 
the second wave, thus the integrated output reaches the reference voltage 
value at the middle time when it rises along the rise of the second wave 
beyond the peak value of the first wave, and the received wave arrival 
signal is outputted from the comparing circuit 9 at this time. When the 
received signal is integrated, the integrated output can be increased in 
response to the received wave-form, and the first wave of the received wave 
is not required to be captured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the ultrasonic rate-of-flow measuring method which 

measures the rate of flow of the fluid of gas and others using an ultrasonic wave. 

[0002] 

[Description of the Prior Art] It faces in quest of the fluid flow of gas and others, and first, in the rate of flow of a fluid, it is, 
and it carries out, and measures periodically, and the continuous thing for which a flow rate is calculated based on this is 
performed. The method using the ultrasonic wave is learned as one of the rate-of-flow measuring methods of such a fluid. 
[0003] It is as follows when drawing 7 explains the principle of this ultrasonic rate-of-flow measuring method. In drawing 7 , 
(1) is a duct with which fluids, such as gas, flow the interior in the direction of an arrow. In this duct (1), predetermined 
distance is separated and a transducer (2) and (3) are arranged at the upstream and downstream of a flow direction. 
[0004] Each aforementioned transducer (2) and (3) serve both as an echo sounder transmitter and an echo sounder receiver, 
and it has the receiving [ ultrasonic dispatch-cum-] element (illustration abbreviation) which consists of vibrator. This 
receiving [ ultrasonic dispatch-cum-] element drives by the driving pulse from a pulse generator (4), and vibrates. While 
carrying out generating transmission of the ultrasonic wave, it is outputted from the amplifying circuit (5) as an electrical 
signal in the received wave when the transmitted ultrasonic wave is received and a receiving [ ultrasonic dispatch-cum-] 
element vibrates. 

[0005] And since [ rate of flow ], the difference of a travelling period until the ultrasonic wave transmitted to the forward 
direction from the upstream transducer (2) to the flow is received with a downstream transducer (3), and a travelling period 
until the ultrasonic wave transmitted to the opposite direction from the downstream transducer (3) to the flow is received with 
an upstream transducer (2) is having the rate of flow of a fluid measured by searching for this travelling-period difference. In 
addition, it is the electronic switch to which (6) changes connection of each transducer (2), (3), a pulse generator (4), and an 
amplifying circuit (5) in drawing 7 . A pulse generator (4), and the transducer (2) of an upstream, the transducer (3) of a 
downstream and an amplifying circuit (5) are connected first. After measuring the travelling period from an upstream to a 
downstream, by the operation of this electronic switch (6) The transducer of a pulse generator (4) and a downstream (3), It 
changes so that an amplifying circuit (5) may be connected with the transducer (2) of an upstream, and the travelling period 
from a downstream to an upstream is measured. . 

[0006] By the way, the above travelling-period differences of an ultrasonic wave were conventionally measured on the basis 
of the 1 st wave of the received wave outputted from an amplifying circuit (5) through a mutual transducer (2) and (3). If it 
explains more concretely, although two or more rectangle-like pulses will generally be sent to an ultrasonic transmitting 
element from a pulse generator (4), thereby, an ultrasonic transmitting element carries out police box vibration, and outputs 
the ultrasonic wave according to this vibration to the shape of a sine wave. Vibration by the 2nd and the 3rd driving pulse 
superimposes the wave of this ultrasonic wave on vibration by the first driving pulse, and after the 2nd wave, the 3rd wave, 
and peak value become high rather than the 1st wave, the oscillatory wave form which peak value decreases soon is shown. 
Therefore, the received wave (W) received by a transducer (2) and (3) and (W) become the oscillatory wave form which peak 
value decreases soon, after the 2nd wave ( W2) (W2'), the 3rd wave ( W3), (W3'), and peak value become high rather than the 
1st wave (Wl) (WT), as it corresponds to the oscillatory wave form of a transmission wave and is shown in drawing 2 . 
[0007] the reference voltage for catching this in the conventional method which ** and uses the 1st wave (Wl) (WT) of a 
received wave (W) and (W) for measurement of a travelling-period difference, since the peak value of the 1st wave is small -- 
small - not carrying out - it did not obtain but there was a fault that it was not easy to decide the received wave attainment 
timing used as the criteria of a travelling-period difference 

[0008] On the other hand, in order to cancel the above-mentioned fault, the curve (envelope) which connects the peak of a 
received wave ( W) and (W), and is obtained is built, and considering as received wave attainment timing with the time of this 
envelope reaching reference voltage is also performed again. 

[0009] However, by this method, since the inclination of an envelope was loose, when reference voltage was changed slightly, 
received wave attainment timing was changed sharply and there was a fault that the accuracy of measurement was missing too. 

[0010] This invention aims at offer of the ultrasonic rate-of-flow measuring method which can be made in view of the starting 
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technical background, and can decide the received wave attainment timing for measurement of a travelling-period difference 

with a sufficient precision, as a result can secure sufficient accuracy of measurement. 

[0011] 

[Problem(s) to be Solved by the Invention] In order to attain the above-mentioned purpose, one of the invention of this While 
arranging an echo sounder transmitter and an echo sounder receiver to the upstream and downstream of a measurement fluid, 
respectively, impressing a driving pulse to the ultrasonic dispatch element of each aforementioned echo sounder transmitter ' 
and carrying out generating transmission of the ultrasonic wave mutually In the ultrasonic rate-of-flow measuring method 
which measures the rate of flow based on the difference of the travelling period of this ultrasonic wave that received the 
transmitted ultrasonic wave with the echo sounder receiver mutually, and was searched for from comparison of each received 
wave It integrates with the polar wave of one of the two of the aforementioned received wave, or the polar wave of both 
which carried out full wave rectification, and is characterized by making the time of the integration output reaching a 
reference value into the received wave attainment timing for measurement of a travelling-period difference. 
[0012] An adoption setup can be carried out being able to use a bigger value than the peak value of the 1st wave of a received 
wave as a reference value by this. It becomes unnecessary for this reason, to catch the 1st wave with small peak value like 
before. Moreover, since the time of the envelope which connects the peak of a received wave and is obtained reaching a 
reference value is not made into received wave attainment timing but it can compare with a reference value in the standup 
portion of the integration output corresponding to the wave of a received wave, compared with the above-mentioned method 
of an envelope, change of the received wave attainment timing at the time of changing a reference value is suppressed. 
[0013] Moreover, while other one of the invention of this arranges an echo sounder transmitter and an echo sounder receiver 
to the upstream and downstream of a measurement fluid, respectively, impressing a driving pulse to the ultrasonic dispatch 
element of each aforementioned echo sounder transmitter and carrying out generating transmission of the ultrasonic wave 
mutually In the ultrasonic rate-of-flow measuring method which measures the rate of flow based on the difference of the 
travelling period of this ultrasonic wave that received the transmitted ultrasonic wave with the echo sounder receiver 
mutually, and was searched for from comparison of each received wave It is characterized by making into the received wave 
attainment timing for measurement of a travelling-period difference the zero cross time of the received wave after it integrates 
with the polar wave of one of the two of the aforementioned received wave, or the polar wave of both which carried out full 
wave rectification and the integration output reaches a reference value. 

[0014] Thereby, even if it changes a reference value somewhat, since the timing of a zero cross is not changed, it can be 

stabilized certainly and can decide received wave attainment timing. 

[0015] 

[Embodiments of the Invention] Drawing 1 shows the ultrasonic rate-of-flow measuring device for carrying out invention 
concerning a claim 1 . The transducer with which it has been arranged by (1) separating predetermined distance to the 
upstream and downstream of a flow direction in drawing 1 , as for a duct, (2), and (3), The pulse generator in which (4) 
generates a driving pulse, the amplifying circuit which outputs the received wave with which (5) received by the transducer 
(2) and (3), (6) is an electronic switch which changes connection of each transducer (2), (3), a pulse generator (4), and an 
amplifying circuit (5), and these of it are the same as that of what was shown in drawing 7 . 

[0016] With this operation gestalt, the half wave rectifier circuit (7) which carries out half-wave rectification of each received 
wave (W) from an amplifying circuit (5) and the (W) in a receiving side, and the integrating circuit (8) which integrates with 
the output of a half wave rectifier circuit are prepared. 

[0017] Furthermore, the comparator circuit (9) is prepared in the output side of an integrating circuit (8). This comparator 
circuit (9) will output a received wave attainment signal, if the reference voltage (V) from the output and reference voltage 
generating circuit (10) of an integrating circuit (8) is compared and the output of an integrating circuit (8) reaches reference 
voltage. In addition, if reference voltage is set as a low value rather than the peak value of the 1st wave (Wl) (Wl') of a 
received wave (W) and (W), it is necessary to set it as a value higher than the peak value of the 1st wave from a bird clapper 
similarly to the conventional method which catches the 1st wave. With this operation gestalt, as an integration output starts 
synchronizing with the start of the 2nd wave (W2) (W2') s this reference voltage (V) is set up so that an integration output may 
reach reference voltage (V). 

[0018] In the equipment shown in drawing 1 , the transmission wave of the wave which carries out expected from the 
transducer (2) of the upstream of a fluid is sent. After obtaining a received wave (W) as received this with the transducer (3) 
of a downstream and shown in drawing 2 through an amplifying circuit (5), Connection is immediately changed by the 
electronic switch (6), the transmission wave of the wave which carries out expected from the transducer (3) of a downstream 
is sent, the transducer (2) of an upstream receives this, and a received wave (W) as similarly shown in drawing 2 is obtained 
through an amplifying circuit (5). These received waves (W) and (W) become the oscillatory wave form which peak value 
decreases soon, after the 2nd wave (W2) (W2'), the 3rd wave (W3), (W3'), and peak value become high rather than the 1st 
wave (Wl) (Wl'), as shown in this drawing. 

[0019] Half-wave rectification of these received waves (W) and the (W) is carried out by the half wave rectifier circuit (7), 
they become the wave of positive side polarity as shown in drawing 3 , this finds the integral by the integrating circuit (8) 
further, and the integration output of an integrating circuit (8) serves as a stair-like wave of the 1st, the 2nd, and the 3rd - to 
which peak value becomes large one by one corresponding to a half wave like drawing 4 . 

[0020] Next, the reference voltage (V) from the integration output and reference voltage generating circuit (10) of the above 
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integrating circuits (8) is compared by the comparator circuit (9). With this operation gestalt, since reference voltage (V) is set 
as the value in the middle of an integration output starting synchronizing with the start of the half wave of the 2nd wave, it 
will reach a reference voltage level (V) in time Tl in the middle of an integration output exceeding the peak value of the 1st 
wave, and going up along with the start of the 2nd wave. And a received wave attainment signal is outputted from a 
comparator circuit (9) at the time. Since an integration output can be increased in the form where it corresponds to a received 
wave form, it becomes unnecessary thus, to catch the 1st wave (Wl) (WT) of a received wave (W) and (W) by integrating 
with a received wave ( W) and (W). 

[0021] It **, and since two received waves (W) and (W) have produced the travelling-period difference (phase contrast) 
which changes according to the fluid rate of flow, the attainment signal of the received wave received by the upstream is 
outputted in the time T2 after transmission. Therefore, while the time difference (T2-T1) of two received wave attainment 
signals turns into a travelling-period difference and measures this, the fluid rate of flow is searched for based on this, and a 
flow rate is calculated further if needed. Moreover, what is necessary is just to repeat the above-mentioned operation for the 
fluid rate of flow continuously or periodically for every predetermined time, when [ continuous ] it is, and it is necessary to 
carry out and to measure periodically. 

[0022] Drawing 5 shows the measuring device for inventing a claim 2. With this operation gestalt, a zero cross detector (1 1) 
is prepared in the output side of a comparator circuit (9), the zero cross of the received wave outputted from an amplifying 
circuit (5) immediately after outputting a signal from a comparator circuit (9) is detected to the timing of attainment time 
TTT2', and it considers as received wave attainment timing with this. Even when the reference voltage (V) from a reference 
voltage generating circuit (10) is changed by carrying out like this, since the timing of a zero cross is not changed, change 
does not arise to received wave attainment timing, as a result it can perform the rate-of-flow measurement with a still higher 
precision. 

[0023] In addition, in the operation gestalt shown in drawing 5 and drawing 6 , the name same about the same component as 
what was shown in drawing 1 , and a sign are attached, and the explanation is omitted. 

[0024] Although the case where the above operation gestalt was integrated only with one polar wave by carrying out 
half-wave rectification of the received wave was shown, it is good by carrying out full wave rectification of the received wave 
also as what integrates with the wave of the amphipathy of a received wave. Moreover, it is good also as what measures a 
travelling period in simultaneous by forming one transducer each in the upstream and downstream of a fluid flow, changing 
connection by the electronic switch, and preparing an echo sounder receiver and an echo sounder transmitter also in a 
downstream separately corresponding to this, while preparing an echo sounder transmitter and an echo sounder receiver in an 
upstream separately, although the case where transmission to a downstream from an upstream and transmission to an upstream 
from a downstream were performed on a target one by one was shown. 
[0025] 

[Effect of the Invention] By above-mentioned order, invention concerning a claim 1 integrates with the polar wave of one of 
the two of a received wave, or the polar wave of both which carried out full wave rectification, and since it makes the time of 
the integration output reaching a reference value the received wave attainment timing for measurement of a travelling-period 
difference, an adoption setup of it can be carried out, being able to use a bigger value than the peak value of the 1st wave of a 
received wave as a reference value. For this reason, since it becomes unnecessary to catch the 1st wave with small peak value 
like before, received wave attainment timing can be determined certainly. And since the time of the envelope which connects 
the peak of a received wave and is obtained reaching a reference value is not made into received wave attainment timing but it 
can compare with a reference value in the standup portion of the integration output corresponding to the wave of a received 
wave, compared with the above-mentioned method of an envelope, change of the received wave attainment timing at the time 
of changing a reference value can be suppressed, and this timing can be determined with a sufficient precision, as a result the 
highly precise rate-of-flow measurement is attained. 

[0026] Moreover, invention concerning a claim 2 integrates with the polar wave of one of the two of a received wave, or the 
polar wave of both which carried out full wave rectification, and makes the zero cross time of the received wave after the 
integration output reaches a reference value the received wave attainment timing for measurement of a travelling-period 
difference. Therefore, even if it changes a reference value somewhat, since the timing of a zero cross is not changed, it can be 
stabilized certainly, and can decide received wave attainment timing, and the still highly precise rate-of-flow measurement of 
it is attained. 



[Translation done.] 



